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HOTATfOiJ 

flEFlNfflgjj UNITS 

Vertical deflection of wing elastic axis at in. 
station i 

Bending or torsion influence coefficient.    Deflec- in./?    cr 
tion at station i doe to unit force at station J rad./inoi 

Acceleration force at station J ff 

Natural frequency of the wing; also flutter rad./sec 
frequency 

Symmetric matrix of influence* coefficients 

Diagonal matrix of "lumped" masses slugs 

Tip mass  of B~29 wing tip slugs 

Radius of gyration of F-84. in roll in„    • 

F-84 wing span in0 

Brackets indicate a column vector 

Flapping of the F-8/, about attachment hinge in the rad. 
i th  bending mode 

Half the mass of the B-29 fuselage slugs 

Lumped mass at station i slugs 

Roll of the B-29 fuselage rad„ 

Station along the elastic axis in« & ft* 

Rolling moment Inertia of half the B-29 fuselage slug0 ft. 

Unit matrix 
1   » t 

Acceleration torque at  station J #  in0 

2 
Lumped moment of inertia at station i slug0 ft. 
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NOTATION 

DEFINITION PH? 

Angle of atteck at station 1 rad. 

Generalized coordinate, assuraed a harmonic function 
of time 

Generalised mass due to Inertia coupling of 1 th and       alugo ft, 
J th degrees of freedom 

Aileron deflection of the F-84 in the ith   degree of rad0 
freedom 

Sweep-back angle of the skewed attachment hinge rado 
line 

Percentage of critical structural damping 

True airspeed ft./sec• 

2 
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The B-29 - F-64 tip-to-tip configuration,  using a two point attachment, 

is shown to be free from flutter instability at an altitude of 20,000 ft. up to a 

speed of 300 mph (I.A.5.). 

The aileron deflection, geared to the F-84 flapping at a ratio of o.&l$ : ft 

plus the    3 36 skewed axis of attachment are sufficient to supply flutter 

stability up to the design true airspeed of 300 mph at 20,000 ft. altitude. 

O 

IKTRODUCTIOM 

The purpose of the tip-to-tip project is to extend the action rudius of 

protective fighters accompanying a B-29 bomber.    At the suggestion of hepublic 

Aviation and the Dynamics Branch of AMC it was agreed to determine the flutter 

characteristics of the Airborne    tip-to-tip configuration. 

Due to the low bending, torsion and F-84 flapping frequencies anticipated 

for the attached configuration it was decided that any flutter instability would 

of necessity be of the dynamic instability, low frequency type, rather than the 

classical higher frequency variety involving second and higher elastic vibration 

modes.    In addition, the damping influence of the tail surfaces was neglected, 

and it was agreed to include those effect*, only if the basic wing-fuselage flutter 

analysis showed Instability. 

t-1-10 
REV. <*/41 
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The admissible degrees of freedom were taken to be: 

a) Symmetric Caso* B^29 bending (including the associated F-84 flap)p 

B-29 torsion (including one attached F-67, wing panel), F-8A flapping. 

b) Anti-symmetric Case: B-29 rigid roll (including F-84 flap), B-29 

bending (including F-84 flap), B-29 torcion (including one elastic F-84 

wing panel), F-84 flapping,, 

The aileron deflection, geared to the flapping of the F-84 relatire to the B-29 

wing tip was included in the flutter analysis only in so far as air loads are 

concerned. The inertia effects of this decree of freodom wen neglected as an in- 

significant contribution to the net kinetic energy of the configuration in flapping. 

The aerodynamic effect of the induced F-84 an^le of attack resulting from flapping 

about a skewed axis, swept back from the lino of flight, was taken into account, 

although this contribution to the net aerodynamic work done was found to be 

negligible in all cases. 

The influence of rigid translation of the B-29 was negloctod for the symmetric 

case on the argument that this is a stabilizing influence, and would be included 

only if flutter instability was evidenced in the analysis. 

The vibration analysis was carried out using the B-29 mass and flexibility 

data supplied by Boeing in Reference 1. The F-8^ mass and flexibility data were 

obtained from Reference 2. Uncoupled bending and torsion modes were computed and 

used in the flutter analysis. 

The analysis is limited to the following condition of flights 

a. 97,50C* B-29 bomber 

b. Two U,45Qr F-84 fighters ', 

c. 20,000' altitude 

E-1-1C 
REV. H/<*9 
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a)    Syrameti ic Modes    (bending) 

The vibration analysis employed in this report makes use of the usual 

matrix iteration methods. 

The entire structural inertia is assumed to bo concentrated along the 

elastic axis of the wing.    For the purposes of this analysis, the e.a. was taken 

to be the 25$ chord of the B-29 wing.    Let aij  be the cantilevered bending influence 

coefficient of the B-29 wing at station i, due to a unit  (l lb.) load at station J, 

Then, the symmetric mode deflection of station i,  relative to the fuselage is given 

by 

A- 
i-*.^^ 

(i) 

Assuming zero structural damping, the acceleration force at station j 

is given by 

(2) 

In matrix form, Eq.'s  (l) and  (2)  become 

(3) 

For the B-29 wing tip mass,    n^ , assuming that the attached F-84 does not ex- 

perience elastic bending at these low frequencies, but merely flaps about the 

skewed axis, the tip force is given by i 

Ftip= "VI M», • M,N ] k U) 
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Tho effective mass  of tha flapping ?-Zl is given by 

M^4^    M'«   iV (5) 

and the flap angle, A , resulting from a unit deflection of the B-29 wing tip is 

given by 

P "' ~   »TX* 
B 

(6) 

The B-29 fuselage deflection,   h0   , is ubtained by requiring that the 

vibrating eccfig\a*&tion be in equilibrium. 

ks - =•   z "*^: 
(7) 

M0    i«- 

The matrix equation (Eq. 3) may be written in its characteristic form 

by eliminating h# » or 

where, 

and 

^\=    *(rI-CR))(KO(M)M 

^\ 

I =•    X "v 
i -» 

(*)* 

/ 

V 

> 

/WV       W>, »•*. 
7 

(8) 

(9) 

The first bending mode is obtained by iteration of Eq,   (8), 
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b)    Anti-symmetric Modoc  (bending) 

For tho anti-aymmetric case, the cantilever bending mode is given 

K- - a 

In matrix form this become 

j"' 
*• \> rj (10) 

(u) 

To eliminate the     ©3x >•        to obtain the characteristic form of Eq.   (ll), we re- 

quire that the acceleration moments about the fuselage center line be in 

equilibrium. 

(12) 

£q.   (ll)  may then be written as 

\u) = "*(i - t'(0(M)w)(<)<;M) M 
(13) 

where, 

and 

2"'=    I- -+ 5T *-•• x ^ 

M   = 

o    o 

o    X, , 

O \   V (H) 

o       -j   o    o   • X>, J 

The anti-symmetrie mode is then obtained by iteration of ikjo   (U)o 

Since no value waa given for the B-29 fuselage rolling moment  of inertia, 

an average value waa obtained from similar airplanes using the formula 

T„    -    •o3  Ivy 
1 -i     v (15) 
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In Sq0 (15) ^ waB taken to be the true tip mass of the B-29 without 

the F-84 attaohnento 

o) Torsion Modes 

For the toreional modes, the torsional influence coefficients were com- 

puted using the effective B-29 CTR data obtained from Reference 1„ Since the F-84 

is attached to the B-29 wing tip at two points, the flexibilit7 of the F-84 wing 

panel in direct contact with the bomber wing was included in the torsional vibration 

analysiso The ?-&£ fuselage plus the outboard wing was taken as a rigid mass in 

tor9ion6 

The symmetric wing torsion at station i, relative to the fuselage pitch 

is given by 

°      jx,     J  J (16) 

where 

T = 
j 

to * Jt.ot. (17) 

The index )       runs fron the first B-29 station to the F-84 fuselage,, 

In matrix form, Kq.'s (16) and (17) nay be written as 

The bomber fuselage pitch, a(0   ,  may be eliminated by making use of the condition 

for rotational equilibrium. 

(18) 

'; 

£q» (18) may then be written as 

(19) 

(20) 
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where r - a'+ z *f: 
A 

and 

(J)   = 

<   ^u     • 

> 

i 
(21) 

The symmetric torsion mode is then obtained by iteration of Eq.  (20)• 

For the antl-symetric torsion mode there la no B-29 fuselage pitchy 

so tthat   c/o     K 0.    The appropriate characteristic equation is then given by 

which can be solved as before by iteration* 

The tables containing the computations for the elastic modes are listed 

below* 

Mass data for B-29, P-84  TABLE 1 

Bending and Torsional Influence coefficients   TABLE 2 

Matrix iteration for 1st aym. bending  TABLE 3 

Matrix iteration for 1st anti-syf. bending   TABLE A 

Matrix iteration for 1st sya« torsion .*  TABLS 5 

Matrix Iteration for 1st anti-sym. torsion   TABLE 6 

The plan form of the tip-to-tip configuration is shown In Figure 14 

This figure also contains the location of the assumed elastic axes of both the 

B-29 and F-&4> and the c.go stations of the masses used in the vibration and flutter 

analysisc 
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a) Mechanical Terms 

The flutter analysis is most conveniently carried out in terms of 

generalised coordinates. Let the admissible degrees of freedom be 

Symmetric Case: 

» 

anti-Symmetric Case 

lit-,*) r    hHU> ^|t) 4    hR(>0 £g<4) + UAC*) J.U) 

(23») 

(23b) 

The deflection modes  b. (*>. o^« (*)  are defined over the entire 

coupled configuration as follows: 

MBB8 

Symmetric Case 

_B-<29 

1st eyra, bending i - 

B 
(*- 17) iZ 

< - IT 

let sym. torsion 1st sym. torsion 
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Anti-Symmetric Case: 

*V*) 

h.00 

<*,<*) 

P-?9. 

1st anti-sya. bending 

XI 2. 
85o 

fcfii 

8 

i - 
3+ J=-» 

/        8 ?Q\ 

X- 
85* 

let anti-syn. torsion 

I 2 

1st anti-synio torsion 

The kinetic energy for 1/2 of the entire configuration is given by 

X;o 
(24) 

In terns of the generalized coordinates Eq.  (24) becomes 

2T = 21 £ A;-6ch.) fr4^ii<*> (25) 

The numerical tabulation of the kinetic energy integrals, Aj.j,  is listed 

in Tables      7 and   I 2.    • 

Since the elastic modes are the.only modes which store potential energy 

the quadratic fora for the potential energy may be written 

V I 
2U ^    Ahhu,K  *-(«> +  A^u^ ^ -w^\l(*> '; (26) 
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b)   Aerodynamic Forces 

For the purposes of computing the aerodynamic work dons during the virtual 

displacement of any of the generalised coordinates V. is necessary to include the 

F-&1 change in angle of attack and aileron deflection resulting from flapping of the 

attached fighter. 

Symnetric Case: 

tf(*,t) *  *,(*> ^(O +   ^(Oj^t) +   tfjjixj J.(0 V 
(27a) 

/ 

Anti-Symmetric Case: 

Mx.0 =>^^<^K W  * V**^* (^ + V** 1/1 (*^ 

(27b) 

The aileron deflection of the F-84 is a function of both the F-8*. flapping and the 

relative angle between the attached wing tips due to the bending olope of the bomber 

wing* 

fi m*   0.83(-p. t» 
3x £1' ) 

IT (28) 

The aileron deflection is defined only over the F-84 aileron intervals and is taken 

as a constant positive value inboard and constant negative value outboard. 
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The 7-84 induced angle of attack due to fighter flapping is given by 

</*> = fi  +*•* <f (29) 

This is taken as a constant angle of attack over the entire fighter span.    Figure 2 

illustrates the slfen convention and kinematic relationships between       '&,'      ,   _*\ 

and the flapping of the F-8.-. wing« 

The oscillatory aerodynamic force* used in the analysis are the usual strip 

theory forces given in Ref. 3» for a tapered wing.    The reference chord,   br    ,  is 

taken at 3/4 span of the bomber wing.    The values of    e    and    c;   for the F-8/4 aileron, 

are taken from Ref. 2«    The elastic axis locationsare defined as 

11 2 

(30) 

St 
10 

The work done by the aerodynamic forces is given by 

W =       J 3T M*/0 A*   +     j >>? rf(x/fc)«A*   +    J   J   ''*, O <ix 

The generalised forces are given by 

(31) 

R:    - aw 

which may be written in tones of the generalised coordinates as 

(32) 

(33) 
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where    8^j    is given by 

6,r- 

The aerodynamic coefficients L-     M-      fT        Are given tar 

L> - 

M. 
bv ,w> M* =    i*^   ^KaW„).rt*ft)f kJL^-(i+4)^)k,(L^ 

+ (i^-v^ao 

v. 

~Tp - < < -«} Pp - u-«.} Tt «• fc-»)    r+ 

(34) 

(IS) 

The integrals are evaluated for fixed values of the reduced frequency, •— c 

Under thie convention the complex values of     KI(LO   * etc., are assumed constant 
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and are taken outalde the Integral sign, however, the varying chord renaina under 

the Integral sign* - 

c)    Flutter Determinant 

igiai The lagrangian equations of notion may be written for a fixed value of 

^    *i.(t)   +     >£.(*)    " (36) 
%: 

or, for the harmonic case where 
»•' 

r<trW     -~> <*.£*) V 

-^ZLAij^.^) -t ui{X.04^j)^<*>« T"af B\| ^ it) (37) 

The factor   <X    is the structurcl damping which is taken proportional to the potential 

energy and in phase with the velocity for harmonic oecillationsc 

£q0  (37) representa as many equations as there are degrees of freedome 

For a non-trival solution of these equations it is necessary and sufficient for the 

matrix of the coefficients of   <ij*) to be singular.    This places the condition on the 

flutter frequency, oJ     , to be a root of the polynomial of the determinant of the 

matrix* 

Since the rigid body degrees of freedom are independent of   UJ , these 

coordinates may be solved for in terms of the elastic degrees of freedom*   The 

equations may be reduced to a 2 x 2 determinant.    The resulting quadratic polynomial 

is then solved for the critical flutter speed* 
"V -" 

The flutter solution curves are plotted in the usual     £3v*     J 

coordinate system* t 
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